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(54) Printed circuit board 

(57) The present invention provides a printed circuit 
board in which electrode layers can electrically be con- 
nected by an inner-througfi-hole connection, the coeffi- 
cient of thermal e)qjansion of the board is equal to that fig. 3 (a) 
of a semiconductor, high thermal conductivity can be 
obtained and wiring can be formed at a high density. A 
cover film (25) is laminated on both surfaces of a resin 
impregnated fabric sheet (1 ). holes are formed by laser F I G. 3 (b) 
beams in the direction of the thickness of the sheet (1) 
and cover film (25), an electrically conductive paste (23) 
that contains the electricaHy conductive particles (3) 
and a thermosetting resin is filled in the holes. The 
cover film (25) is removed, a copper foil (22) is placed 
on both sides of the sheet (1). and pressed and heated, 
and the resin component of the sheet ( 1 ) and that of the 
electrically conductive paste (23) are hardened. The FIG. 3 (<0 
copper foil (22) is etched to form circuit patterns (6) and 
(26), and further etching removes the electrically con- 
ductive particles (3) present at a surface layer portion so 
that an electrical insulating layer (4) is thus formed. 
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Description 

The present invention relates to a printed circuit 
board using a resin impregnated fabric sheet and more 
particularly to double-sided and multilayer printed circuit 
boards for bare chip IC mounting that exhibit high ther- 
mal conductivity. 

Recently, a printed circuit board has required 
increased multilayer and density with the higher per- 
formance and smaller size of electronic equipment By 
using an inner-through-hole connection tor connecting 
ICs or parts at a minimum distance as a method for con- 
necting layers of a board, the higher density can be 
obtained. Accord ng to the inner-through-hole connec- 
ncn. only the necessary layers can be connected, and 
me top layer of a board has no through hole and mount- 
ing properties are excellent Japanese Laid-Open Pat- 
ent No. 5-77840 has proposed a printed circuit board 
(double-sided and multilayer printed circuit boards) hav- 
ing the inner-through-hole connecting structure in which 
an organic non-woven fabric is impregnated with a ther- 
mosetting resin to form a sheet board material (which is 
hereinafter referred to as a resin impregnated fabric 
sheet), a through hole is formed on the resin impreg- 
nated fabric sheet by laser beams, electrically conduc- 
tive paste is filled in the through hole, and heat and 
pressure are applied to the resin impregnated fabric 
sheet. 

The printed circuit board can be formed by the sim- 
ple steps described above, in which the connecting 
resin impregnated fabric sheet is used to connect layers 
by the inner-through-hole connection. In addition, such 
a printed circuit board is inexpensive. In the case where 
the printed circuit board is used asa board for mounting 
a semiconductor of a chip size, the semiconductor can 
be mounted stably because the coefficient of thermal 
expansion of the board in the direction of a plane is 
almost equal to that of the semiconductor. However, the 
priced ciroit board which is formed by the connecting 
resm impregnated fabric sheet has tow thermal conduc- 
tive. Therefore, there are problems when the printed 
circuit board is used as a board for mounting a semicon- 
ductor chip. Moreover, an electrode land restricts an 
area on the top layer of the board in which wiring is 
formed (for example, the wiring for an electric connec- 
tion with the semiconductor chip), so that high density 
wiring is not achieved. 

It is an object of the present invention to provide a 
printed circuit board (double-sided and multilayer 
printed circuit boards) and a method of manufacturing 
the same wherein electrode layers can be connected 
electrically by an inner-through-hole connection, the 
coefficient of thermal expansion of the board in the 
direction of a plane is equal to that of a semiconductor, 
thermal conductivity is high, and wiring can be formed 
at a high density. 

In order to achieve this object the present invention 
provides a printed droit board, comprising a resin- 
impregnated fabric sheet, an electrically conductive por- 



tion having a first through hole formed in the direction of 
the thickness of the sheet the first through hole being 
filed with a first resin composition that contains the 
electrically conductive particles to provide an electrical 

5 connection in the direction of the thickness of the sheet, 
and a thermally conductive (heat radiating) portion hav- 
ing a second through hole formed in the direction of the 
thickness of the sheet the second through hole being 
filed with a second resin composition that contains the 

io thermally conductive particles, wherein at least a sur- 
face layer portion of the second resin composition has 
electrical insulating properties. According to such a 
structure, heat radiation can be performed efficiently by 
the thermally conductive portion. Since an electrode 

is land is not provided on the surface layer of the thermally 
conductive portion, wiring can be provided on the board 
surface area around the thermally conductive portion. 
Accordingly, it is possible to provide a printed circuit 
board in which electrode layers can be connected elec- 

20 trically by an inner-through-hole connection, the coeffi- 
cient of thermal expansion of the board in the direction 
of a plane is equal to that of a semiconductor, thermal 
conductivity can be enhanced and the wiring can be 
formed at a high density. 

25 In the printed circuit board, the thermally conduc- 
tive particles contained in the second resin composition 
may be electrically conductive particles. Consequently, 
the same electrically conductive paste as the first resin 
composition can be filled simultaneously in the first and 

30 second through holes. In addition, the second resin 
composition can easily be formed on the thermally con- 
ductive portion by a process including etching. 

Further, the thermally conductive particles con- 
tained in the second resin composition may be electrical 

35 insulating particles. Consequently, heat radiation can be 
performed efficiently in such a case since the surface 
layer of the thermally conductive portion has no thermal 
insulating property. 

In the printed circuit board, a resin composition that 

40 contains the electrically conductive particles and a resin 
composition that contains the thermally conductive 
instating (electrical insulating heat radiation) particles 
are separately filled in the second through hole. Conse- 
quently, the number of thermally conductive portions 

45 can be increased so that heat radiation can be per- 
formed efficiently. In addition, wiring can be provided in 
a board area around the thermally conductive portion of 
the first through hole having no electrode and on the 
thermally conductive portion of the second through hole 

so having no electrode land. Accordingly; it is posstole to 
implement a printed circuit board in which the electrode 
layers can be connected electrically by an inner- 
through-hole connection, the coefficient of thermal 
expansion of the board in the plane direction is equal to 

55 that of the semiconductor, thermal conductivity can be 
enhanced and the wiring can be formed at a higher den- 
sity. 

As a preferred example, the electrical insulating 
resin layer and the component resin of the resin compo- 
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sition are thermosetting resins. In this case, the printed 
droit board has good heat resistance and can be 
resistant to solder and solder reftow. 

As a preferred example, the electrical insulating 
resin layer, the component resin of the resin composi- 5 
tion and the resin of the resin impregnated fctoric 6heet 
are epoxy resins. In this case, the integral bonding of 
the electrically conductive portion to the fabric sheet 
and that of the thermally conductive portion to the fabric 
sheet can be obtained. 10 

As a preferred example, a metallic foil pattern hav- 
ing a portion that is bonded to the electrically conductive 
portion is formed on at least one of upper and lower 
faces of the resin impregnated fabric sheet In this case, 
the printed circuit board in which a metallic foil pattern is 15 
an electric circuit can be provided. 

As a preferred example of the structure, the electri- 
cally conductive particles are selected from the group 
consisting of Au, Ag. Cu. Al, Pd. Ni and alloys thereof. In 
this case, the conductivity of the electrically conductive 20 
portion can be enhanced. 

As a preferred example of the structure, the ther- 
mally conductive insulating particles are selected from 
the group consisting of alumina particles, silica particles 
and magnesia particles. In this case, the electrical insu- 2s 
lating properties of the thermally conductive portion can 
be suitably maintained. 

As a preferred example of the structure, the fabric 
sheet is a nonwoven fabric of a heat resistant synthetic 
fiber or a paper impregnated with the thermosetting 30 
resin so that the resin impregnated fabric sheet is 
obtained. In this case, it is possible to provide a printed 
ciroit board that is thin and has a high strength. 

As an example of the structure, the fabric sheet is 
formed of a heat resistant synthetic ffoer that is at least 35 
one of an aromatic poiyamide fber and a polyimide 
Hber. In this case, it is possible to provide a printed cir- 
jujrt board that is thin and has a good workability and a 
ligh strength. 

According to the present invention, a first method 40 
for manufacturing a printed circuit board having an elec- 
Ttcally conductive portion which is filled with a first resin 
composition that contains the electrically conductive 
particles in the direction of the thickness of a resin 
impregnated fabric sheet and a thermally conductive 45 
portion which is filled with a second resin composition 
that contains the thermally conductive particles and 
whose surface layer portion has electrical insulating 
properties, comprises the steps of; 

so 

A. laminating a cover film onto both surfaces of a 
resin impregnated fabric sheet 

B. forming a plurality of through holes in the direc- 
tion of the thickness of the sheet and cover film, 

C. filling the through holes with an electrically con- 55 
ductive paste that contains the electrically conduc- 
tive particles and a thermosetting resin. 

D. removing the cover f im. 



E. placing a metal Be toil on both sides of the sheet, 
pressing and heating the sheet and hardening the 
resin conrponents of the sheet and those of the 
electrically conductive paste, and 

F. etching the metallic foil so as to remove a portion 
of the toil that blocte a first group of the through 
hoi ee. forming the metallic foil into a predetermined 
circuit pattern, further etching to remove the electri- 
cally conductive particles present at a surface layer 
portion of the first group of through holes, so as to 
form an electrical insulating layer having a surface 
layer portion formed of the thermosetting resin. 

Consequently, it is possible to manufacture effi- 
ciently arri reasonably a printed circuit board in which 
the thermal conductivity can be enhanced and the wir- 
ing can be formed at a high density. 

A second method for manufacturing a printed circuit 
board according to the present invention comprises the 
steps of laminating a cover film onto both surfaces of a 
resin impregnated fabric sheet, forming first and second 
through holes in the direction of the thickness of the 
sheet and cover film, filling the first through holes with 
an electrically conductive paste that contains the electri- 
cally conductive particles and a thermosetting resin aid 
filling the second through holes with an electrical insu- 
lating paste that contains the thermally conductive insu- 
lating particles and the thermosetting resin, removing 
the cover film, placing a metallic foil on both sides of the 
sheet pressing and heating the sheet and hardening 
the resin components of the sheet, the electrically con- 
ductive paste, and the instating paste, and etching the 
metallic foil so as to remove a portion of the fofl that 
blocks the second through hole and forming the metallic 
foil into a predetermined circuit pattern. Consequently, it 
is possble to manufacture efficiently and reasonably a 
printed droit board in which the thermal conductivity 
can be enhanced and the wiring can be formed at a high 
density. 

A third method for manufacturing a printed circuit 
board according to the present invention comprises the 
steps of laminating a cover film onto both surfaces of a 
resin impregnated fabric sheet forming first second 
and third through holes in the direction of the thickness 
of the sheet and cover film, filling the first and second 
through holes with an electrically conductive paste that 
contains the electrically conductive particles and a ther- 
mosetting resin and fifling the third through holes with 
an electrical insulating paste that contains the thermally 
conductive insulating particles and a thermosetting 
resin, removing the cover film, placing a metallic toil on 
both sides of the sheet pressing and heating the sheet, 
hffltlening the resin components of the sheet the elec- 
trically conductive paste, and the electrical instating 
paste, and etching the metallic foil so as to remove por- 
tions of the foil that block the second and third through 
holes, forming the metallic foil into a predetermined cir- 
cuit pattern, further etching to remove the electrically 
conductive particles present at a surface layer portion of 
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the second through hole, so as to form an electrical 
insulating layer comprised of the thermosetting resin on 
the second through hola Consequently, it is possible to 
manufacture efficiently and reasonably a printed circuit 
board in which the thermal conductivity can be 5 
enhanced and the wiring can be formed at a higher den- 
sity. 

According to the printed circuit board of the present 
invention, heat radiation can efficiently be performed by 
the thermally conductive portion having at least a sur- 10 
face layer insulated. Since the electrode land is not pro- 
vided on the surface layer of the thermally conductive 
portion, the wiring can be formed on the board surface 
area around the thermally conductive portion. Accord- 
ingly, the electrode layers can be connected electrically is 
b« an inner-through-hole connection, and the coefficient 
c: thermal expansion of the board in the direction of a 
p. dne is equal to that of the semiconductor. In addition, 
h .5 possible to provide a printed circuit board in which 
t>vrmal conductivity can be enhanced and the wiring 20 
cs'i be formed at a high density. 

According to the first to third methods for manufac- 
turing the printed circuit board according to the present 
invention, it is possible to manufacture efficiently and 
reasonably a printed circuit board in which the thermal 2s 
conductivity of the thermally conductive portion can be 
enhanced and the wiring can be formed at a high den- 
sity. 

Fig. 1 is a sectional view showing the structure of a 30 
double-sided printed circuit board for bare chip 
mounting according to an embodiment of the 
present invention, 

Fig. 2 is a sectional view showing the structure in 
which a semiconductor chip is mounted on the dou- 35 
bie- skied printed circuit board for bare chip mount- 
ing shown in Figure 1 , 

Figs. 3A to 3D are sectional views showing the indi- 
vidual steps of manufacturing the double-sided 
printed circuit board for bare chip mounting shown 40 
in Fig. 1. 

Figs. 4A and 4B are sectional views showing the 
individual steps of repeating the steps of manufac- 
turing the double-sided printed circuit board shown 
n Fig. 3 so as to manufacture a multilayer printed 4S 
circuit board, 

Figs. 5A and 5B are sectional views showing the 
individual steps of manufacturing the multilayer 
printed circuit board accordng to an embodiment of 
the present invention, so 
Figs. 6A and 6B are views showing the solder sur- 
face and semiconductor chip mounting surface of 
the double-sided printed circuit board for bare chip 
mounting according to an embodiment of the 
present invention, 55 
Fig. 7 is a graph showing the change in resistance 
obtained by the reflow test of the double-sided 
printed circuit board having a semiconductor chip 



mounted thereon according to Example 1 of the 
present invention, 

Fig. 8 is a graph showing the change in resistance 
obtained by sending a constant current to the sem- 
iconductor chip mounted on the double-sided 
printed circuit board so as to generate heat accord- 
ing to Example 1 of the present invention, 
Fig. 9 is a graph showing the change in resistance 
obtained by sending a constant current to the sem- 
iconductor chip mounted on a four-layer board so 
as to generate heat accortfing to Exanple 2 of the 
present invention, 

Fig. 10 is a sectional view showing the structure of 
a double-sided printed droit board for bare chip 
mounting according to an embodiment of the 
present invention. 

Fig. 1 1 is a sectional view showing the double-sided 
printed circuit board for bare chip mounting shown 
in Fig. 10 on which a semiconductor chip is 
mounted, 

Figs. 12A to 12E are sectional views showing the 
individual steps of manufacturing the double-sided 
printed circuit board for bare chip mounting shown 
in Fig. 10, 

Figs. 13A and 13B are sectional views showing the 
individual steps of repeating the steps of manufac- 
turing the double-sided printed circuit board shown 
in Fig. 1 2 so as to manufacture a multilayer printed 
circuit board, 

Figs. 14A and 14B are sectional views showing the 
individual steps of manufacturing a multilayer 
printed circuit board according to an embodiment of 
the present invention, 

Figs. 15A and 15B are views showing the solder 
surface and semiconductor chip mounting surface 
of the double-sided printed circuit board for bare 
chip mounting according to an embodiment of the 
present invention, 

Fig. 16 is a graph showing the change in resistance 
obtained by the reflow test of the double-sided 
printed circuit board having a semiconductor chip 
mounted thereon according to Example 3 of the 
present invention, and 

Fig. 17 is a graph showing the change in resistance 
obtained by sending a constant current to the sem- 
iconductor chip mounted on the double-sided 
printed circuit board so as to generate heat accord- 
ing to Example 3 of the present inventioa 

As a fast example of the present invention, resin 
double-sided and multilayer printed circuit boards for 
directly mounting a semiconductor can be obtained in 
the following manner. For example, aromatic potyantide 
(aramid) fbers are impregnated with an epaxy resin to 
form a resin impregnated fabric sheet such as an ara- 
mid -epaxy base material for which coefficient of thermal 
expansion of the board in the direction of a plane is 
almost equal to that of a semiconductor. The resin 
impregnated fabric sheet thus formed is used as a 
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board body, "me layers of the board are connected by 
imer-tfYOogh -holes in which high density can be 
obtained. In order to enhance thermal conductivity, a 
thermally conductive portion is formed. The thermally 
conductive portion has almost the same structure as 5 
that of the inner-through -holes, and does not contribute 
to the connection of the layers of the board. Thus, the 
semiconductor can directly be mounted. As a second 
example, aromatic polyamide (aramid) fibers are 
impregnated with an epoxy resin to form a resin impreg- 10 
nated fabric sheet such as an aramid-epaxy base mate- 
rial for which the coefficient of thermal expansion of the 
board in the direction of a plane is almost equal to that 
of a serri conductor. The resin impregnated fabric sheet 
thus formed is used as a board body. The layers of the 15 
board are connected by inner-through-holes in which 
high density can be obtained. In order to enhance ther- 
mal conductivity, a thermally conductive portion is 
formed. The thermally conductive portion has a struc- 
ture in which the electrically conductive particles in the 20 
inner-through-holes are replaced with electrical insulat- 
ing particles. Thus, it is posstole to obtain the resin dou- 
ble-sided printed circuit board and the multilayer printed 
circuit board on which a semiconductor can be mounted 
directly. In a third example, the structures described in 2s 
Examples 1 and 2 are used. 

A double-sided printed circuit board (hereinafter 
referred to as a double board) and a multilayer printed 
circuit board (hereinafter referred to as a multilayer 
board) for bare chp mounting according to an embodi- 30 
merit of the present invention will be described below 
with reference to the drawings. 

Fig. 1 is a sectional view showing the structure of a 
double board for bare chip mounting according to an 
embodiment of the present invention. A double board 1 0 35 
comprises an electrically conductive portion 2 and a 
thermally conductive portion 5. The electrically conduc- 
tive portion 2 is formed as follows. More specifically, a 
through hde is formed in a first area of a resin impreg- 
nated fabric sheet 1 . Electrically conductive resin com- 40 
positions are filled in the through hole. Electrically 
conductive particles 3 are scattered and contained in a 
thermosetting resin to form the electrically conductive 
resin compositions. The thermally conductive portion 5 
is formed as follows. Mae specifically, a through hde is 46 
famed in a second area on the sheet 1 . The electrically 
conductive resin compositions are filled in the inner 
layer of the through hole. An electrical insulating layer 4 
is formed in a surface layer portion (an opening portion). 
An inner-through-hole is formed by the electrically con- so 
ductive portion 2 and a copper foil 6 is provided on the 
surface thereof. Thus, electrode layers presided on the 
both sides of the board are electrically connected. 
Examples of the electrically conductive resin composi- 
tions are copper powder, epoxy resins and electrically ss 
conductive paste blended with an epoxy resin harden- 
ing agent The double board 10 in which the resin 
impregnated fabric sheet 1 is used as a board body has 
a coefficient of thermal expansion which is almost equal 



to that of the semiconductor. In addition, internal heat is 
radiated from the electrically conductive portion 2 and 
the thermally conductive portion 5. Consequently, the 
printed circuit board has high thermal conductivity. Ftg. 
2 is a sectional view showing the double board for bare 
chip mounting shown in Fig. 1 on which a semiconduc- 
tor chip is mounted. A semiconductor chip 1 1 is electri- 
cally connected to the double board 10 through an Au 
bump 12 and an electricaly conductive material 13. The 
Au bump 1 2 is formed on the copper foil 6 and the sem- 
iconductor chip 11. The electrically conductive material 
13 is provided around the Au bump 12 and is composed 
ofAg-Pd. 

Figs. 3A to 3D are sectional views showing the indi- 
vidual steps of manufacturing the double board 10. In 
Fig. 3A. a prepreg is indicated at 21 . A resin film 25 such 
as polyethylene terephthaJate is adhered to both sides 
of the resin impregnated fabric sheet material. Through- 
holes are formed in the direction of the entire thickness. 
In general, a drill and laser beams are used for faming 
the through holes, ft is preferred that the laser beams 
are used for faming the through holes, because the 
through holes are formed at a fine pitch and shaving are 
not scattered. The through hole thus formed is filled with 
an electrically conductive paste 23. Various methods 
such as gravure, roll-pushing and pressure reducing fill- 
ing can be employed as a method for filing the electri- 
cally conductive paste 23 in the through holes. 

Fig. 3B shows the state in which a film 25 is 
removed from Fig. 3A and the sheet is held between 
copper foils 22. 

Fig. 3C shows the state in which heat and pressure 
have already been applied. The prepreg 21 is com- 
pressed and has a smaller thickness. In addition, the 
resin is hardened (the resin impregnated fabric sheet 1 ) 
The electrically conductive paste 23 is compressed and 
the metal filling density is increased. In this state, the 
electrically conductive paste 23 serves to connect elec- 
trically the upper and lower sides of the resin impreg- 
nated fabric sheet 1. 

Fig. 3D shows the state in which the copper foil 22 
on the surface is etched to form a wiring pattern. The 
electrode layers are electrically connected by an inner- 
through-hole connection by means of the copper foil 6 
provided on the electrically conductive portion 2 and the 
surface layer thereof. After a wiring pattern is formed, 
etching is continuously performed. Consequently, the 
copper powder of the electrically conductive paste 23 
which is exposed to the opening portion is removed aid 
an electrical insulating layer 4 comprised of an epoxy 
resin is formed in the through hole in which the copper 
foil 22 covering the opening portion is removed. Thus, 
the thermally conductive portion 5 is famed. For exam- 
ple, wet etching using ferric chloride as an etch ant is 
employed. A copper foil 26 may be formed in a portion 
in which the electrically conductive portion 2 of the resin 
impregnated fabric sheet 1 is not present This is advan- 
tageous to the production of the multilayer board. Ordi- 
narily the printed board is coated with a solder resist, 
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characters or symbols are printed, and holes for 
inserted parts are termed. However, those steps are 
ornrtted because they are not essential. 

Figs. 4A and 4B show steps of repeating the 
method for forming the double board shown in Figs. 3A 
to 3D so as to manufacture a muttiayer board. Fig. 4A 
shows the state in which a resin impregnated fabric 
sheet material having through holes is provided on both 
sides (upper and lower faces) of the double board 10 
which acts as a core, an electrically conductive paste is 
f aied in the through hole, and a copper foil 32 is provided 
on the outer side of the through hole filled with the elec- 
trically conductive paste. In this state, when heat and 
pressure are applied from the upper and lower faces, a 
multilayer board shown in Fig. 4B is obtained. More spe- 
cifically, an inner-through-hole connection is obtained 
by the in-srtu method. The copper foil on the upper and 
lower faces are processed to form a pattern so that a 
four-layer printed board can completely be fabricated. It 
is possible to fabricate a multilayer board having more 
layers by repeating the steps descrbed above. 

Fig. 5 shows another method for forming a multi- 
layer board which is different from the foregoing. In Fig. 
5A, the prepreg 31 which has a through hole fiBed with 
the electrically conductive paste 23 and to which heat 
and pressure are not applied is held between the two 
double boards 1 0. A copper foil is indicated at 32. In this 
state, heat and pressure are applied so that a fouMayer 
printed board shown in Fig. 5B can be obtained. A plu- 
rality of double boards are prepared. A laminated base 
material which has the through hole filled with the elec- 
trically conductive paste 23 and to which heat and pres- 
sure are not applied is held between the double boards, 
and the heat and pressure are applied thereto Conse- 
quently, a multilayer board having more layers can be 
obtained. 

Fig. 6A is a view showing the solder surface of the 
couble board (multilayer board) for bare chip mounting 
according to an embodiment of the present invention. A 
number of copper foil patterns 42 are present on the 
surface of a resin impregnated fabric sheet 41. Fig. 6B 
is a view showing Ihe semiconductor chip (IC) mounting 
surface of the double board (multilayer) board for bare 
chip mounting according to an embodiment of the 
present invention, in which a oopper toil pattern (copper 
land) 42 which is present on the surface of the resin 
impregnated fabric sheet 41 and an IC pad 44 for 
through IC mounting are connected by wiring 46. The 
copper fori (copper land) is not present in a thermally 
conductive portion 43 (which has the same structure as 
that of the thermally conductive portion 5). i.e. a portion 
in which an electrically conductive paste is filled in a 
through hole, and the metal powder in the electricafly 
conductive paste of the through hole opening portion is 
removed so that an electrical insulating layer is formed. 
For this reason, it is possible to use more of the space 
around the thermally conductive portion 43. Accord- 
ingly, the wiring can be formed at a high density in the 
board area around the thermally conductive portion 43. 



The wiring is actually provided on the IC pad 45. which 
is omitted for convenience of explanation. 

Fig. 10 is a sectional view showing the structure of 
a double board for bare chp mounting according to an 

5 embodiment of the present invention. A thermally con- 
ductive portion 7 is further provided on the double board 
10 shown in Fig. 1 60 that a double board 20 for bare 
chip mounting is formed. A through hole is formed in a 
third area of a resin impregnated fabric sheet 1 . An elec- 
ta trical insulating resin composition in which electrical 
insulating particles 8 are scattered and contained in a 
thermosetting resin is filed in the through hole. Conse- 
quently, the thermally conductive portion 7 is formed. A 
oopper foil 9 for wiring can be formed on the thermally 

is conductive portion 7. Examples of the electrical insulat- 
ing resin composition are alumina powder, epaxy resins 
and a paste blended with an epaxy resin hardening 
agent. According to the double board 20 using the resin 
impregnated fabric sheet 1 as a board body, the coeffi- 

20 dent of thermal expansion of the board in the direction 
of a plane is almost equal to that of a semiconductor, 
and the internal heat is radiated by an electrically con- 
ductive portion 2 and thermally conductive portions 5 
and 7. Consequently, a printed circuit board having high 

25 thermal conductivity can be obtained. 

Fig. 1 1 is a sectional view in which a semiconductor 
chip is mounted on the double board for bare chip 
mounting shown in Fig. 10. A semiconductor chip 11 
and a double board 20 are electrically connected by an 

30 Au bump 1 2 formed on a copper toil 6 and the semicon- 
ductor chip 11, and an electrically conductive material 
13 composed of Ag - Pd. 

Figs. 12A to 12E are sectional views showing the 
individual steps of manufacturing the double board 20. 

35 In Fig. 12, the same reference numbers as in Fig. 3 des- 
ignate the same or corresponding portions: In Fig. 12 A, 
through holes are formed on a prepreg 21 by laser 
beams. An electrically conductive paste 23 is filled in 
the through holes by gravure, roll pushing, pressure 

40 reducing filing and the like. 

As shown in Fig. 12B, an electrical insulating paste 
24 is filled by gravure, roll pushing, pressure reducing 
filing and the like, in the residual through holes in which 
the electrically conductive paste 23 rs not filed during 

45 the previous step. 

Fig. 12C shows the state in which a fim 25 is 
removed in the cxridition shown in Fig. 12B and a cop- 
per foil 22 rs provided on both sides. 

Fig. 12D shows the state in which heat and pres- 

so sure has already been applied. The prepreg is com- 
pressed to have a smaller thickness, and a resin is 
hardened (a resin impregnated fabric sheet 1). The 
electrically conductive paste 23 and the electrical insu- 
lating paste 24 are comp ress ed. The metal fining den- 

55 sity of the electrically conductive paste 23 is increased. 
In this state, the electricafly conductive paste 23 electri- 
cally connects the upper and lower faces of the resin 
impregnated fabric sheet 1 . 
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Rg. 12E shows the state in which the copper toil 22 
provided on the surface is etched to form a wring pat- 
tern. Electrode layers are electricafly connected by an 
imer -through -hole connection by means of an electri- 
cafly conductive portion 2 and a copper foil 6 provided 
on the surface layer thereof. The corrpressed electrical 
insulating paste 24 functions as a thermally conductive 
portion 7. After a wiring pattern is formed, etching is 
continued. Consequently, in the through hole in which 
the copper foil 22 covering the opening portion is 
removed, the copper powder in the electrically conduc- 
tive paste 23 which is exposed to the opening portion is 
removed so that an electrical insulating layer 4 com- 
prised of an epaxy resin is formed as a thermally con- 
ductive portion 5. For example, wet etching is employed 
in which ferric chloride is used as an etchant. The cop- 
per foil 26 may be formed in a portion in which the elec- 
tricafly conductive portion 2 of, the resin impregnated 
ftfcric sheet 1 is not present This is very advantageous 
to the production of a multi-layer board. A copper foil for 
wiring can further be formed on an electrical insulating 
portion 7 comprised of the electrical insulating paste 24. 
Ordinarily, the printed board is coated with a solder 
resist, characters or symbols are printed, and holes for 
irserted parts are formed. However, those steps are 
omitted because they are not essential. 

Figs. 13A and 13B show the individual steps of 
. -repeating the steps of forming the double board shown 
in Figs. 12A to 12C so as to manufacture a multilayer 
board. Fig. 13A shows the state in which the double 
board 20 acts as a core, a prepreg 34, in which the elec- 
tricafly conductive paste 23 is filled in the predetermined 
through holes and the electrical insulating paste 24 is 
filled In other through holes is provided on the upper and 
lower feces of the board 20, and a copper foil 32 is pro- 
vided on the outer sides. In this state, when heat and 
pressure are applied from the upper and lower faces, a 
multilayer printed board shown in Fig. 13B is obtained. 
If the copper foil on the upper and lower faces are proc- 
essed to form a pattern, a four-layer printed board can 
be fabricated completely. It is possible to fabricate a 
multilayer printed board having more layers by repeat- 
ing the steps descrtoed above. 

Rg. 14 shows another method for forming a multi- 
layer printed board which is different from the foregoing. 
In Fig. 1 4A. the prepreg 32 which is f lied with the elec- 
tricaBy conductive paste and the electrical insulating 
paste and to which heat and pressure have not been 
applied is held between the two double boards 20. In 
this state, heat and pressure are applied so that a four- 
layer printed board shown in Fig. 14B can be obtained. 
To provide a multilayer board having more layers, a plu- 
rality of double boards are prepared, a laminated base 
material which has the through hole filled with the elec- 
trically conductive paste 23 and to which heat and pres- 
sure have not been applied is held between the double 
boards, and the heat and pressure are applied thereto. 
Consequently, a multilayer board having more layers 
can be obtained. 



Rg. 1 5A is a view showing the solder surface of the 
double board (multilayer board) tor bare chp mounting 
according to an embodiment of the present invention. A 
number of copper tofl patterns 42 are present on the 
5 surface of a resin impregnated fabric sheet 41 . Fig. 15B 
is a view showing the semiconductor chip (IC) mounting 
surface of the double board (multilayer board) for bare 
chip mounting according to an embodment of the 
present invention, in which a copper foil pattern (copper 
w land) 42 that is present on the surface of the resin 
irrpregnated fabric sheet 41 and an IC pad 44 for 
through IC mounting are connected by wiring 46. The 
copper foil pattern (copper land) is not present in a ther- 
mally conductive portion 43 (which has the same struc- 
y5 ture as that of the thermally conductive portion 5), i.e. a 
portion in which an electrically conductive paste is filled 
in a through hole, and the metal powder in the electri- 
cally conductive paste of the through hole opening por- 
tion is removed so that an electrical insulating layer is 
formed. For this reason, it is possible to use more of the 
space around the thermally conductive portion 43. 
Accordingly, the wiring can be formed at a high density 
in the board area around the thermally conductive por- 
tion 43. In contrast to the thermally conductive portion 
43, the degree of insulation is extremely high in a ther- 
mally conductive portion 47 (which has the same struc- 
ture as that of the thermally conductive portion 7). i.e., a 
portion in which the electrical insulating paste is filled in 
the through holes. For this reason, wiring can be formed 
directly on the thermally conductive portion 47. Accord- 
ingly, the wiring can be formed at a very high density in 
the board area including the thermally conductive por- 
tion 47 and the peripheral areas thereof. The wiring is 
actually provided on the IC pad 45 which is omitted for 
convenience of explanation. 

Embodiments of the present invention will further 
be described in detail. 

(Example 1) 

An aramkj-epaxy sheet (TA-01 manufactured by 
Teijin Limited) having a thickness of 200 urn is used as 
a prepreg. A polyethylene terephthalate film having a 
thickness of 20 jim is laminated as a cover film onto one 
of the sides of the prepreg with an adhesive. A through 
hole having a diameter of 0.15 mm is formed at regular 
intervals of 0.2 to 2 mm by means of carbon dioxide 
laser beams. 

The following materials are fined in the through 
holes by the screen printing method. As a paste for 
through hole fifing, spherical copper particles 85% by 
weight a bisphenol A-type epaxy resin (EPICOAT 828 
manufactured by Yuka Shea Epaxy Co.. Lid.) 3% by 
weight and a gtycidylester based epaxy resin (YD- 171 
manufactured by Tohto Kasei Co.. Ltd.) 9% by weight as 
resin compo si tions, and an amine adduct hardening 
agent (MY-24 manufactured by Ajinomoto Co., Inc.) 3% 
by weight as a hardening agent are kneaded by a triple 
rofl. 
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The polyethylene terephthalate fflm is removed 
from the prepreg in which the paste is fiBed. Then, three 
prepregs are aligned and stacked to mate a layered 
product. A copper foil having a thickness of 18 um is 
laminated on the outer side of the prepreg on the upper s 
and lower layers of the layered product, and heated and 
pressed at a temperature of 1 80°C and a pressure of 50 
kg/cm 2 for 60 min by means of a heat press to form a 
double-sided copper-dad plate. 

The copper foil of the double-sided copper-dad w 
plate is etched to obtain a double board having a struc- 
ture shown in Fig* 1 and 2, which indudes an inner- 
through-hole connecting portion (an electrically conduc- 
tive portion) and a thermally conductive portion. The 
ir.ner-through-hoie connecting portion has a structure in 75 
wnich a wiring pattern and an electrode pattern having 
a diameter of 0.2 mm are formed on inner-through- 
rvies. The thermally conductive portion has only the 
in ier-1hroutfi-hdes. 

An Au bump is formed on the electrode of a semi- 20 
conductor device by the known wire bonding method. 
An adhesive which contains Ag - Pd as an electrically 
conductive material is applied onto the top portion of the 
bump. Thus, the bump is bonded to an electrode pattern 
formed on the double board by the flip chip method in 2s 
which the surface of the semiconductor device is over- 
turned, and is hardened and molded by a resin for 
mounting (see Fig. 2). The double board to which the 
semiconductor is mounted is subjected to a reflpw test 
at a maximum temperature of 260°C for 10 sec. Rg. 7 30 
shows the change in electrical resistance, which 
includes the connection of the board to the semiconduc- 
tor. According to a conventional glass epoxy board on 
which through hdes are formed at regular intervals of 2 
mm, the coefftdent of thermal expansion of the semi- 35 
conductor is dfferent from that of the board so that the 
resistance is increased at the junction of the semicon- 
ductor and the board. Consequently, a disconnection is 
caused by the tenth time. According to the board of the 
present embodiment in which the coeff ident of thermal <o 
expansion of the board in the direction of a plane is 
close to that of the semiconductor, no change in resist- 
ance caused by the number of ref lows is observed. 

Fig. 8 shows the change of a resistance which 
includes the connection of the board to the semiconduc- 45 
tor wherein a resistor is formed in a semiconductor chip, 
a constant current is sent to the chp through the board 
of the present embodir.jent, and the heat of 1 W is con- 
tinuously generated. 

The resistance of a glass epoxy board having a so 
small heat conductivity is increased. According to the 
board of the present embodiment, the resistance is 
changed depending on the number of inner-through- 
holes. Practically, the change in resistance is not con- 
sidered if the spadng is less than 2 mm. In particular, if 55 
the spacing is less than 0.5 mm. no change in resist- 
ance is observed. 



(Example 2) 

In the same manner as in Example 1, an aramid- 
epoxy sheet (TA-01 manufactured by Tejin Limited) is 
used as a prepreg. A polyethylene terephthalate film 
having a thickness of 20 urn is laminated onto one of the 
sides of the prepreg with an adhesive. A through hole 
having a diameter of 0. 1 5 mm is formed at regular inter- 
vals of 0.2 to 2 mm shown in Fig. 6 by means of carbon 
dioxide laser beams 

The following materials are filled in the through 
holes by the screen printing method. As a paste for 
through hole filling, spherical copper particles 85% by 
weight, a bisphend A-type epoxy resin (EPICOAT 828 
manufactured by Yuka Shell Epoxy Co., Ltd.) 3% by 
weight and a glyddyiester based epoxy resin (YD-171 
manufactured by Tohto Kasei Co.. Lid.) 9% by weight as 
resin compositions, and an amine adduct hardening 
agent (MY-24 manufactured by Ajinomoto Co.. Inc.) 3% 
by weight as a hardening agent are kneaded by a triple 
rdl. 

A pdyethylene terephthalate fBm is removed from 
the prepreg in which the paste is filled. Then, a copper 
foil having a thictaess of 18 y.m is laminated on the 
upper and lower feces of the prepreg, and heated and 
pressed at a temperature of 180°C and a pressure of 50 
kg/cm 2 tor 60 min by means of a heat press to form a 
double-sided copper-dad plate. 

The copper foil of the double-sided copper-clad 
plate is etched to obtain a double board having a struc- 
ture which indudes an inner-through-hole connecting 
portion (an electrically conductive portion) and a ther- 
mally conductive portion. The inner-through-hole con- 
necting portion has a structure in which a wiring pattern 
and an electrode pattern having a diameter of 0.2 mm 
are formed on inner-through-holes. The thermally con- 
ductive portion has only the inner-through-hde. 

A prepreg in which an electrically conductive paste 
is f Hied is aligned and laminated on the upper and lower 
faces of the double board to make a layered product A 
copper foil having a thickness d 18 ym is laminated on 
the outer side of the layered product and heated and 
pressed at a temperature of 180°C and a pressure of 50 
Kg/cm 2 for 60 min by means of a heat press. 

A copper foil is laminated on the outer sides (upper 
and lower faces) of a four-layer plate. The copper foil is 
etched to form an inner-through-hole connecting portion 
in which a wiring pattern and an electrode pattern hav- 
ing a diameter of 0.2 mm are formed. Consequently, a 
multilayer board having a structure shown in Rg. 4 is 
formed. 

Rg. 9 shows the change in connecting resistance 
obtained when a serrdconductor device having a resis- 
tor is mounted on a board, a constant current is sent 
and the heat of 1W is continuously generated in the 
same manner as in Exanple 1. According to the multi- 
layer board of the present example, a copper foil pattern 
is formed on the inner layer so that the heat conductivity 
is much better than that of the double board of Example 
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1 and the change in resistance is seldom observed 
when generating heat. 

(Example 3) 

An ararrad-epcxy sheet (TA-01 manufactured by 
Teijin Limited) having a thickness of 200 jim is used as 
a prepreg. A polyethylene terephthalate film having a 
thickness of 20 jim is laminated as a cover film onto one 
of the sides of the prepreg with an adhesive. A through 
hole having a diameter of 0.15 mm is formed at regular 
intervals of 0.2 to 2 mm by means of carbon dioxide 
laser beams. 

The fallowing materials are filled in the 90% of the 
through holes by the screen printing method. As a paste 
far through hole filling, spherical copper particles 85% 
by weight, a bisphend A-type epoxy resin (EPICOAT 
828 manufactured by Yuka Shell Epoxy Co.. Ltd.) 3% by 
weight and a glycidyi ester based epoxy resin (YD-171 
manufactured by Torrto Kasei Co.. Lti.) 9% by weight as 
resin compositions, and an amine adduct hardening 
agent (MY-24 manufactured by Ajinomoto Co.. Inc.) 3% 
by weight as a hardening agent are kneaded by a triple 
roll. 

The following materials are filled in the 10% of the 
through holes having no electrically conductive paste 
filled therein by the screen printing method. As a paste 
for through hole filling, spherical alumina 40% by 
weight a bisphenol A-type epoxy resin (EPICOAT 828 
manufactured by Yuka Shell Epoxy Co., Ltd.) 10% by 
weight and a glycidyi ester based epoxy resin (YD-171 
manufactured by Torrto Kasei Co., Ltd.) 40% by weight 
as resin compositions, and an amine adduct hardening 
agent (MY-24 manufactured by Ajinomoto Co.. Inc.) 
10% by weight as a hardening agent are kneaded by a 
triple roll. 

A polyethylene terephthalate film is removed from 
the prepreg in which the paste is filled. Then, three pre- 
pregs are aligned and stacked to make a layered prod- 
uct. A copper foil having a thickness of 18 ^m is 
laminated on the outer sides of the prepreg on the upper 
and lower layers of the layered product, and heated and 
pressed at a temperature of 180°C and a pressure of 50 
kg/cm 2 for 60 min by means of a heat press to form a 
double-sided copper-clad plate. 

The copper foil of the double-sided copper-dad 
plate is etched to obtain a double board having a struc- 
ture shown in Figs. 10 and 1 1 in which an Inner-through- 
hole connecting portion (an electrically conductive por- 
tion) that has a wiring pattern and an electrode pattern 
having a diameter of 0.2 mm formed on the inner- 
through-hole, a thermally conductive portion having 
only the inner-through-holes, and a thermally conduc- 
tive portion in which an electrical insulating paste is 
filled in a through hole. 

An Au bump is formed on the electrode of a semi- 
conductor device by the known wire bonding method. 
An adhesive which contains Ag - Pd as an electrically 
conductive material is applied onto the top portion of the 



bump. Thus, the bump is bonded to an electrode formed 
on a board pattern by the tip ctyp method in which the 
surface of the semiconductor device is overturned, aid 
is hardened and molded by a resin tor mounting. The 
5 board to which the semiconductor is mounted is sub- 
jected to a ref low test at a maximum temperature of 
260°C for 10 sec. Fig. 16 shows the change of a resist- 
ance, which includes the connection of the board to the 
semiconductor. 
w According to a conventional glass epoxy board on 
which through holes are formed at regular intervals of 2 
mm, the coefficient of thermal expansion of the semi- 
conductor is different from that of the board, so that the 
resistance is increased at the junction of the semfoon- 
15 ductor and the board. Consequently, a disconnection is 
caused by the tenth tima According to the board of the 
present embodiment in which the coefficient of thermal 
expansion of the board in the direction of a plane is 
close to that of the semiconductor, no change in resist - 
20 ance caused by the number of reflows is observed. 

Fig. 17 shows the change in resistance which 
includes the connection of the board to the semiconduc- 
tor wherein a resistor is formed in a semiconductor chip, 
a constant current is sent to the chip through the board 
25 of the present embodiment, and the heat of 1 W is con- 
tinuously generated. 

The resistance of a glass epoxy board having a 
small heat conductivity is increased. According to the 
board of the present embodiment, the resistance is 
30 changed depending on the number of inner-through- 
holes. Practically, the change in resistance is not con- 
sidered if the spacing is less than 2 mm. In particular, if 
the spacing is less than 0.5 mm, no change in resist- 
ance is observed. - 

35 

(Example 4) 

An aramkJ-epaxy sheet (TA-01 manufactured by 
Teijin Limited) is used as a prepreg. A polyethylene 

40 terephthalate film having a thickness of 20 urn is lami- 
nated onto one of the 6ides of the prepreg with an adhe- 
sive. A through hole having a diameter of 0.15 mm is 
formed at regular intervals of 0.2 to 2 mm shown in Fig. 
15 by means of carbon dioxide laser beams. 

46 The following materials are filled in the 90% of the 
through holes by the screen printing method. As a paste 
for via hole filling, spherical copper particles 85% by 
weigjrt, a bisphenol A-type epoxy resin (EPICOAT 828 
manufactured by >Uka Shell Epoxy Co.. Lid.) 3% by 

so weight and a glycidyi ester based epoxy resin (YD-171 
manufactured by Tohto Kasei Co., Ltd.) 9% by weight as 
resin compositions, and an amine adduct hardening 
agent (MY-24 manufactured by Ajinomoto Co.. Inc.) 3% 
by weight as a hardening agent are kneaded by a triple 

55 roil. 

The following materials are filled in the 10% of the 
through holes having no electrically conductive paste 
filled therein by the screen printing method. As a paste 
for through hole filling, spherical alumina 40% by 
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weight, a bisphenoi A-type epoxy resin (EPICOAT 828 
manufactured by YUka SheO Epoxy Co., Ltd.) 10% by 
weight and a gycidylester based epoxy resin (YD-171 
manufactured by Tohto Kasei Co.. Ltd.) 40% by weight 
as resin compositions, and an amine adduct hardening § 
agent (MY-24 manufactured by Ajinomoto Ca, Inc.) 
10% by weight as a hardening agent are kneaded by a 
triple roil. 

A polyethylene terephthalate film is removed from 
the orapreg in which the paste is fiHed. Then, a copper io 
toll having a thickness of 18 jim is laminated on the 
ucoer and lower faces of the prepreg, and heated and 
pr>,ssed at a temperature of 1 80°C and a pressure of 50 
ky cm 2 for 60 min by means of a heat press to form a 
c: jtie-sided copper-dad plate. 15 

The copper foil of the double-sided copper-dad 
p - te is etched to obtain a double board having a struc- 
ti 3 in which an inner-through-hole connecting portion 
(„■ : electrically conductive portion) that has a wiring pat- 
ter i and an electrode pattern having a diameter of 0.2 20 
rr--n formed on the inner-through-holes, a thermally oon- 
c ;tive portion having only the inner-through-holes, and 
a hermally conductive portion in which an electrical 
insulating paste is tilled in through holes. 

Further, the prepreg in which the electrically con- 25 
dustive paste is filled is aligned and stacked on the 
upper and lower faces of the double board on which the 
electrode is formed, so that a layered product is 
obtained. A copper foH having a thickness of 18 urn is 
laminated on the outer sides of the layered product and 30 
heated and pressed at a temperature of 180°C and a 
pressure of 50 kg/cm 2 for 60 min by means of a heat 

OT2SS. 

A copper foil is laminated on the outer sides (upper 
;d lower faces) of a four-layer plate. The copper foii is 35 
earned to form an inner-through-hole connecting portion 

electrically conductive portion) on which a wiring 
p. .vern and an electrode pattern having a diameter of 
C mm formed on the irner-through-hdes. Conse- 
qi sntry; a muttHayer board having a structure shown in 40 
F \ 13 is formed. 

No change is observed in the connecting resistance 
Drained when a semiconductor device having a resis- 
tor s mounted on a board, a constant current is sent 
arc the heat of IVY is continuously generated in the 45 
same manner as in Example 1. According to the multi- 
layer board of the present example, a copper foil pattern 
is formed on the inner layer so that the heat conductivity 
is much better than that of the double board of Example 
3 and a change in resistance is seldom observed when so 
generating heat 

While copper particles are used in Examples 1 to 4, 
the electrically conductive particles are not restricted to 
the copper particles but other metallic particles can be 
used in the present invention. In particular, if at least 55 
one of Au. Ag. Cu, Al. Pd. Ni and alloys thereof is used, 
the conductivity of the electrically conductive portion 
can be enhanced. 



While the alumina particles are used as the electri- 
cal insulating particles in Examples 1 to 4, the electrical 
insulating particles are not restricted to the alumina par- 
tides but other ceramic particles can be used in the 
present invention. In particular, if at least one of the alu- 
mina particles, sifica particles and magnesia particles is 
used, the electrical insulating properties of the thermally 
conductive portion can be suitably maintained. 

Claims 

1 . A printed circuit board, comprising: 

a resin-impregnated fabric sheet; 

an electrically conductive portion having a 
first through hole formed in the direction of the 
thickness of the sheet the first through hole being 
filled with a first resin composition that contains the 
electrically conductive particles to provide an elec- 
trical connection in the direction of the thickness of 
the sheet; and 

a thermally conductive portion having a sec- 
ond through hole formed in the direction of the 
thickness of the sheet the second through hole 
being filled with a second resin composition that 
contains the thermally conductive particles. 

wherein at least a surface layer portion of the 
second resin composition has electrical insulating 
properties. . 

2. The printed -circuit board according to Claim 1, 
wherein the thermally conductive particles con- 
tained in the second resin composition are electri- 
cally conductive particles. 

3. The printed circuit board according to Claim 1. 
wherein the thermally conductive particles con- 
tained in the second resin composition are electri- 
cal insulating particles. 

4. The printed ciruit board according to Claim 1.2, or 
3, wherein a resin composition that contains the 
eiectricaBy conductive particles and a resin compo- 
sition that contains the thermally conductive electri- 
cally insulating particles are separately filled in the 
second through hole. 

5. The printed circuit board according to any of Claims 
1 to 4, wherein the electrically conductive particles 
are selected from the group consisting of Au, Ag, 
Cu, Al, Pd. Ni and alloys thereof. 

6. The printed circuit board according to Claim 3. 4, or 
5. wherein the thermally conductive electrically 
insulating particles are selected from the group 
consisting of alumina particles, silica particles and 
magnesia particles. 

7. The printed circuit board according to any of Claims 
1 to 6. wherein the electrical insulating portion of 
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the surface layer of the sheet is formed of a resin 
which comprises the resin component of the sec- 
ond resin composition. 

8. The printed circuit board according to any of Claims s 
1 to 7, wherein the resin impregnated in the sheet, 
and the resin components of the first and second 
re6in compositions are thermosetting resins. 

9. The printed circuit board according to Claim 8, 10 
wherein the thermosetting resin is an epaxy resin. 

10. The printed circuit board according to any of Claims 
1 to 9, wherein a metallic fo3 pattern having a por- 
tion that is bonded to the electrically conductive is 
portion is formed on at least one of upper and lower 
faces of the resin impregnated fabric sheet 

1 1 . The printed circuit board according to any of Claims 

1 to 10, wherein the fabric sheet is a nonwoven fab- 20 
ric of a heat resistant synthetic fiber or a paper 
impregnated with the thermosetting resin. 

12. The printed circuit board according to Claim 11, 
wherein the fabric sheet is formed of a heat resist- 25 
ant synthetic fber that is at least one of an aromatic 
polyamide fiber and a polyimide fber. 

1 3. The printed circuit board according to any of Claims 

1 to 12, wherein the first resin composition contains 30 
a resin component that is the same as that of the 
second resin corrposition. 

14; The printed circuit board according to Claim 13, 
wherein the resin component of the first and second 35 
resin compositions is the same as the resin used to 
impregnate the sheet 

15. The printed circuit board according to any of Claims 

1 to 14. wherein the first and second resin compo- <o 
srtions are composed of the same components. 

16. A method for manufacturing a printed circuit board 
according to Claim 1 or 2, comprising the steps of: 

46 

A. laminating a cover film onto both surfaces of 
a resin impregnated fabric sheet 

B. forming a plurality of through holes in the 
direction of the thickness of the sheet and 
cover fim, 50 

C. filing the through holes with an electrically 
conductive paste that contains the electrically 
conductive particles and a thermosetting resin, 

D. removing the cover film, 

E. placing a metallic foil on both sides of the 55 
sheet, pressing and heating the sheet and 
hardening the resin components of the sheet 
and those of the electrically conductive paste, 
and 



F. etching the metallic toil so as to remove a 
portion of the toil thai blocks a first group of the 
through holes, terming the metallic toil into a 
predetermined circuit pattern, further etching to 
remove the electrically conductive particles 
present at a surface layer portion of the first 
group of through holes, so as to farm an electri- 
cal insulating layer having a surface layer por- 
tion formed of the thermosetting resin. 

17. A method for manufacturing a printed circuit board 
according to Claim 3, comprising the steps of : 

A. laminating a cover film onto both surfaces of 
a resin impregnated fabric sheet, 

B. forming first and second through holes in the 
direction of the thickness of the sheet and 
cover film, 

C. filling the first through holes with an electri- 
cally conductive paste that contains the electri- 
cally conductive particles and a thermosetting 
resin and filling the second through holes with 
an electrical insulating paste that contains the 
thermally conductive electrically insulating par- 
ticles and a thermosetting resin, 

D. removing the cover film, 

E. placing a metallic foil on both sides of the 
sheet, pressing and heating the sheet, and 
hardening the resin components of the sheet, 
the electrically conductive paste, and the elec- 
trical insulating paste, and 

F. etching the metallic foil so as to remove a 
portion of the toil that blocks the second 
through hole and forming the metallic foil into a 
predetermined circuit pattern. 

ia A method for manufacturing a printed circuit board 
according to Claim 4, comprising the steps of: 

A. laminating a cover film onto both surfaces of 
a resin impregnated fabric sheet. 

B. forming first second and third through holes 
in the direction of the thickness of the sheet 
and cover film, 

C. fining the first and second through holes with 
an electrically conductive paste that contains 
the electrically conductive particles and a ther- 
mosetting resin and f filing the third through hole 
with an electrical insulating paste that contains 
the thermally conductive electrically insulating 
particles and a thermosetting resin, 

D. removing the cover film, 

E. placing a metallic toil on both sides of the 
sheet, pressing and heating the sheet, and 
hardening the resin components of the sheet, 
the electrically conductive paste, and the elec- 
trical insulating paste, and 

F. etching the metallic foil so as to remove por- 
tions the foil that block the second and third 
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through holes, forming the metallic foil into a 
predetermined emit pattern, further etching to 
remove the electrically conductive particles 
present at a surface layer portion of the second 
through hole, so as to form an electrical insulat- s 
ing layer comprised of the thermosetting resin 
on the second through hole. 



19. The method for manufacturing a printed circuit 
board according to Claim 17 or 18, wherein the id 
resin composition that contains the electrically con- 
ductive particles and the resin composition that 
contains the thermally conductive electrically insu- 
lating particles are separately filled in the second 
through hole. 15 

20. The method according to any of claims 16 to 19, 
wherein the electrically conductive particles are 
selected from the group consisting of Au, Ag. Cu. 

Al. Pd. Ni and alloys thereof. 20 

21. The method according to any of Claims 17 to 20. 
wherein the thermally conductive electrically insu- 
lating particles are at least one of alumina particles, 
silica particles and magnesia particles. 25 

22. The method according to any of Claims 16 to 21, 
wherein the electrical insulating portion of the sur- 
face layer of the sheet is formed of the resin compo- 
nent of the electrically conductive paste. 30 

23. The method according to any of Claims 16 to 22, 
wherein the resin impregnated in the sheet and the 
resin component of the electrically conductive 
paste are thermosetting resins. 35 

24. The method for manufacturing a printed circuit 
board according to Claim 23. wherein the thermo- 
setting resin is an epoxy resin. 

40 

25. The method according to any of Claims 16 to 24. 
wherein a metallic foil pattern having a portion that 
is bonded to the electrically conductive portion is 
formed on at least one of upper and lower faces of 
the resin impregnated fabric sheet 45 

26. The method according to any of Claims 16 to 25, 
wherein the sheet is a nonwoven tone of a heat 
resistant synthetic ftoer a a paper impregnated 
with a thermosetting resin. so 

27. The method tor manufacturing a printed circuit 
board according to Claim 26, wherein the sheet is 
formed from a heat resistant synthetic fiber that is at 
least one of an aromatic potyamide ftoer and a poly- ss 
imide ftoer. 
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FIG. 5 (b) 
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